Serum retinol-binding protein (RBP). with a biological half-life of less than 12 h, is a useful indicator of liver or kidney dysfunction. An automated immunoturbidimetric assay for the measurement of RBP has been developed using the Cobas-BIO centrifugal analyser and commercially available materials. Serum samples with RBP concentrations as low as 3 mg/L were measured. Within-run and day-to-day imprecision were 3·7 and 5·7%. respectively. The reference range (mean±2SD) for 51 adults was 17 to 61 mg/L. Slight haemolysis of serum
(haemoglobin 10 gIL) resulted in an apparent 8% reduction of RBP with greater interference at higher haemoglobin concentrations. However. bilirubin in concentrations up to 0·15 giL did not interfere with RBP measurements. There was good correlation between immunoturbidimetry and a commercial radial immunodiffusion method. Serum RBP concentrations were decreased in liver disease and increased in renal failure.
Serum retinol-binding protein (RBP; molecular weight 21 200 daltons) is produced by liver parenchymal cells and circulates in plasma associated with retinol and transthyretin (prealbumin). The trimolecular complex functions to transport retinol from hepatic storage to peripheral tissues and to reduce glomerular filtration and renal catabolism of RBP. Because plasma RBP has a short half-life of 3-12 h. low serum RBP is useful as an indicator of acute protein-energy malnutrition.' Additionally, RBP levels are depressed in vitamin A deficiency. zinc deficiency, liver disease, hyperthyroidism and diseases involving infections or stress. 1 Serum RBP concentration is normally lower in children until puberty. Elevated RBP concentrations occur in renal disease, hypothyroidism and with the use of oestrogen-eontaining oral contraceptives.' Methods for the measurement of serum RBP have included radioimmunoassay (RIA),Z. 3 enzyme immunoassay (EIA),4. 5 latex immunoassay," fluorometry," high press-Presented at the 1987 Meeting of the American Association for Clinical Chemistry in San Francisco.
USA.
Correspondence: Dr 0 0 Bankson. 246 ure liquid chromatography (HPLC).x immunonephclometry": III and radial immunodiffusion (RID)"1 Although RID is marketed as a kit and widely used. it has comparatively low sensitivity and the longest turn-round time. We have developed a precise. automated immunoturbidimetric procedure for the determination of serum RBP using equipment common in the clinical biochemistry laboratory.
Materials and methods
The determination of serum RBP was performed on the Cobas-BIO'IM centrifugal analyser (Roche Analytical Instrument Inc.• Nutley. NJ 071JO. USA).
Rabbit anti-serum to human RBP was purchased from Boehringer-Mannhcim Biochemicals (Indianapolis. IN 462S0. USA). Reference material and radial immunodiffusion kits were obtained from Calbiochem-Behring (La Jolla. CA 92037. USA.)
Serum was diluted 1:6 with phosphatebuffered saline (PBS. 9 giL NaCI. )() mmol/L KH z P0 4 • )()() mg/L sodium azide, pH 7,4). 12 min. Maximum absorbance readings were reached after 10 min of reaction at 25°C (Fig.  1 ). The addition of up to 0·15 g/L bilirubin to serum did not interfere with the determination of RBP. However, slight haemolysis (haemoglobin 10 giL) depressed RBP measurements by 8% with greater depression at higher haemoglobin concentrations (haemoglobin 30 g/L: 21% reduction and haemoglobin 50 g/L:32% depression). Within-run and day-to-day imprecision for the RBP assay at an RBP concentration of 36 mglL were 3·7% (n=17) and 5·7% (n=13). The assay has a sensitivity to serum RBP of at least 3 mg/L.
Immunoturbidimetric results for serum RBP (Y), over a wide range of concentrations (11-68 mg/L, n=25) were compared with those obtained by RID (X) (Fig. 2) . A slope of 0·91, an intercept of 1·6 and a correlation coefficient of 0·98 were obtained ( Fig. 2 ). An adult (mean age 32 years; 24 male and 27 female subjects) reference range (± 2 SD), of 17 to 61 mglL was obtained from 51 serum samples (mean 39 mg/L, SD 11 rng/L). No significant sex difference was noted. The RBP values followed a Gaussian distribution with a probability of Louis, MO, 63178, USA) in PBS. RBP was determined by mixing 20 Jl.L of diluted serum with 200 Jl.L of PEG/PBS solution and preincubating for 180 s at 25°C. Diluted anti-serum (50 Jl.L) was then added to the mixture and the change in turbidity was measured at 340 nm after 0·5 s (initial reading) and 6<K) s (final reading). The initial reading served as a reagent-sample blank to correct for interference from compounds such as bilirubin and haemoglobin. For interference studies, haemoglobin was measured in a lysate of PBS-washed erythrocytes and appropriate amounts (to give concentrations of 50, 30 and 10 g/L) added to serum samples with known RBP concentrations. Similarly, a known amount of bilirubin was added to serum to give final total bilirubin concentrations of 0·15, 0·05, and ()'01 g/L.
RBP standard solutions of 15 to 75 mg/L were prepared by serial dilutions of the secondary standard (102 mg/L, Calbiochem-Behring) which were also diluted 1:6 with PBS prior to analysis. Sample values were calculated using the Cobas DENS Type 7·6 program (Data Evaluation for Non-linear Standard Curves, Roche Analytical Instruments Inc.) to fit the change in absorbance of the standards to a 4 parameter logit-Iog curve model or determined from a manual plot of log concentration (x-axis) against log absorbance change (y-axis). When the RBP concentration exceeded the highest standard, samples were diluted further with PBS. Similarly, when sample RBP concentration was below the lowest standard, samples were appropriately diluted less than the normal 1:6. RBP measured by RID was performed according to the manufacturer's directions (Calbiochem-Behring).
Serum was obtained from 51 hospital workers who comprised the control group. Serum was also obtained from 30 patients with documented liver disease that as a group had depressed serum albumin (mean 24 g/L, SD 6 g/L) and total serum protein (mean 55 giL, SD 13 giL), and elevated aspartate aminotransferase (mean 405 U/L, SD 843 U/L) and alanine aminotransferase (mean 190 U/L, SD 167 U/L). The final group consisted of nine patients with renal failure and elevated serum creatinine (860 umol/L, SD 45() umol/L).
All results are expressed as mean±SD.
Results
The rate of the formation of the antigenantibody complex for RBP was followed over normality of 0·991 as determined by the kurtosis normality test. Serum from patients with evidence of liver disease were compared with the reference population and patients with renal failure (Table 1) . RBP concentration is depressed in patients with liver disease and elevated in patients with kidney failure.
Discussion
A variety of methods have been used to quantify serum RBP. but all have disadavantages compared to immunoturbidimetry. RIA,2' 3 EIA4. 5 and latex immunoassay" require that the laboratory make their own reagents through iodination. enzyme conjugation or particle coating. Fluorometric techniques. with or without chromatography. are generally less sensitive and have not proved popular.": II Even though RID II is a popular method for serum RBP analysis it is nonautomated and comparatively insensitive and imprecise. Additionally. RID has a long sample tum-round time due to the requirement for a n-h incubation for optimal precipitin ring formation.
Immunonephelometry rivals immunoturbidimetry for serum RBP analysis. Day-to-day imprecision for both nephelometry and turbidimetry are approximately 5%.9. III Similarly. analytical sensitivity for RBP is 5 mg/L." However. immunonephelometers are not always available in clinical chemistry laboratories and sample tum-round is slowed by a comparatively long incubation time of between 20 minIII and 60 min 9 compared to 10 min for immunoturbidimetry.
The mean serum RBP concentration of 39±11 mglL for our reference population of 51 individuals is comparable to that obtained by EIA. 5 • II> RIA. 2 nephelometry" and latex immunoassay." A fluorometric assay? gave a much tighter standard deviation for RBP of 48±6 mglL (n=20). Unlike others. we did not find decreased RBP concentrations in females.e 3 This may be due to undocumented use of oral contraceptives by women in our population. resuItin y in an increased serum RBP concentration.
We have emphasised two important situations where RBP concentration may be helpful clinically. The effects of hepatic (site of RBP synthesis) and renal (site of RBP degradation) dysfunction on serum RBP were first described in 1971.12 Serum RBP measurements have since been used in many clinical situations. for example, for following the course of acute viral hepatitis and for the differentiation of forms of jaundice. \ Recently, using EIA technology, Bosin and Monji 13 measured serum RBP levels in patients with hepato-renal syndrome (12±4 mg/L, n=5) and liver cirrhosis (I6±8 rng/L, n=20). These values compare closely to those for the 30 patients with evidence of liver disease that we investigated (Table 1 ). The depression of serum RBP in liver disease and malnutrition can prevent delivery of adequate amounts of vitamin A from the liver to peripheral tissues and result in impaired visual function." Because of the high correlation between RBP and retinol, the former has been used in the estimation of vitamin A nutritional status. I However, consideration of the many factors affecting RBP concentration is important if RBP is used as an index of protein or vitamin A status. IS Unlike liver disease. which depresses serum RBP concentration, kidney dysfunction elevates serum RBP. It was, previously. shown that patients with renal dysfunction have a significant linear correlation between the logarithms of serum RBP and creatinine concentration.!" In the present study, serum RBP was increased to 94 mg/L in patients with elevated serum creatinine and various forms of kidney disease. Other reports confirm this relationship. 12· 1(, Kidney failure specifically causes elevation of the RBP-retinol fraction of the circulating trimolecular complex, as transthyretin concentration remains normal. 12 For serum RBP measurements. immuneturbidimetry is an attractive method because it utilises commercially available reagents. is relatively inexpensive and can be performed using versatile automated equipment that is common in hospital chemistry laboratories.
